Abstract. Rodents are one of the most important vertebrate pests which directly and indirectly distress to the production of crops and storage of grains. Rodents especially under the Family Muridae can cause serious damage to cereal crops of all kinds including wheat. The present investigation was conducted to observe the pattern of damage by rodent (Rrodentia: Muridae) pests in wheat in conjunction with their comparative densities throughout growth phase of crop i.e., from seedling to mature grain stage. During the crop growing season, several rodent species were involved in damaging to wheat, but variations in their predominance were detected. Of the trapped and identified pests, the lesser bandicoot rat Bandicota bengalensis Gray was the mainly prime species in the wheat fields approached by Indian gerbil Tatera indica Hardwicke, house mouse Mus musculus L., soft-furred field rat Rattus meltada Gray and short tailed mole rat Nesokia indica Gray & Hardwicke. These different rodent pests began to raid and damage the wheat crop right from sowing and continued up to the time of harvesting. Such descriptions of damage are influenced by a number of factors, for instance, relative abundance of different growth stages of crop and their relative nutritional contents, palatability, tastes, and the availability of other food in the locality. The trends of different levels of damage through wheat stem cuttings at various growth stages served primarily as an indication that rats and mice are opportunistic foragers, adjusting their preferences according to availability of food resources. This information of food habits by specific rodents is a basis for the management of their populations and to reduce the damage in the wheat fields thereby increasing the grain yield.
INTRODUCTION
Among vertebrate pests such as birds and wild animals, rodents under class Mammalia are small mammals' belonging to Order Rodentia under sub family Murinae in the Family Muridae. Rodents cause severe damage to various crops both directly and indirectly by gnawing, spoilage, contamination and hoarding activities. Rodents can adjust to the cropping system, establishing during the initial period of the crop, breeding during crop growing period, capable of rapid population growth and emigration after crop harvest depending upon food availability (Sarwar et al., 2011) . Rodents have been identified as the most important mammalian agricultural pests at the global level (Cuong et al., 2002) . Many rodents are common in fields with cereal crops, which constitute the largest part of the total area used for agriculture in the world. Though there are several species of rodents, only a few of them are agricultural pests and only 77 species are reported to cause damage to agriculture (Manyingerew et al., 2006) . The effects of rodent's damage cause huge amount of crop losses and food shortages (Fayenuwo et al., 2007) in some parts of the world. A large amount of crops during pre and post harvesting periods is being lost every year (Meerburg and Kijlstra, 2008) . Among other important attributes of a rodent pest species, it is their important ability to live under varied conditions of environment and utilize a wide variety of foods (Mmetwaly et al., 2009) .
At global level no any countryside is free from the depredation of vertebrate pests particularly by rodents, which cause severe economic losses to wheat in many cases. Irrespective of the type of wheat production system like irrigated and arid lands, rodents cause considerable damage to this crop. It has been estimated that one fifth of the food stuffs planted every year in the world are never eaten by peoples because of the damage by rodents. Rat damage to wheat was assessed in an appraisal of wheat stems, only 0.5% were cut by rats before the booting growth stage. The rat's damage estimate in mature wheat was 12.1% of grain destroyed before harvest. Wheat damage was attributable primarily to the lesser bandicoot rat (Bandicota bengalensis). The damage was highly correlated with stem density. Yield loss and percent rodent's damage were also correlated. Seventeen percent of the damaged stems had only the panicle removed, whereas 83% were cut near ground level. Twenty lesser bandicoot rat burrow systems were excavated from the centers of wheat fields. The mean burrow length was 40.2 m and storage chambers contained as much as 18 kg of cached wheat panicles. Rat damage was correlated with the number of active burrow systems within fields (Poche et al., 1982) . Haque and Fiedler (1985) , studied simulated rat damage done to determine the loss of wheat yield when zero (control), 10, 30 and 50% of the wheat stems were cut at tillering, booting, dough and mature crop stages. Yield at the tillering stages was not significantly different from the controls but yields at all other stages differed significantly. Yield losses in tillering and booting stages were not significant for the different damage levels except for 50% stem cutting at the booting stage. The yields from dough and mature crop stages at all damage levels were significantly lower than yield from control. No significant differences in yield at all growth stages were observed between control plots and those receiving 10% damage, but 30 and 50% damage gave significant losses. Rodents damaged 6.32-8.15% wheat and the maximum damage was recorded when the crop was at maturity stage. Lesser bandicoot rats hoarded 0.486 kg ear heads per burrow system on an average (Sheikher and Jain, 1991) .
Currently the largest part of the efforts for controlling of rats and mice pests in our cultivations is being made in the dearth of sufficient information on their feeding patterns. Very little scientific information is available on the beginning of rodent's damage problems and therefore, scientific study of damage habits is crucial to have an intelligent understanding of these agricultural pests. The knowledge of food pattern by specific rodent pest is a basis for the timely management of their populations and increasing the yield of grain in wheat fields.
MATERIALS AND METHODS

Study area
To begin with, the studies were conducted at the selected experimental area of canal irrigated wheat lands near village 26/ E. B., Arifwala in Sahiwal District (now included in District Pakpattan). The investigational area is situated to the southwest of Pakpattan at Latitude 30° 17' 38 N, Longitude73° 4' 25 E and Altitude 252 m. The climate of Arifwala is somewhat extreme, reaching maximum to 50 °C in summer and minimum to 0 °C in winter. The experimental site was comprised of about 50 acres of wheat fields. As such the area was divided into 5 replications arranged in a Randomized Complete Block Design, each having an area of 10 acres. The crop land in the study area was vegetation-ally heterogeneous type in which wheat, fodder and some other crops together with a small tract of cultivated and uncultivated sandy area was present. Study program for alleviating the rodent problem in wheat land was started from sowing and continued till harvesting. Keeping in view the migrating nature of rats and mice from long distances to crops at various times, in addition to the test field, investigations were also made in the surrounding waste areas and other crops being harvested, and those still standing upto a distance of 1/ 3 km by seeking the signs of rodent activities because they may move to adjacent fields where food is available.
Rodent's Damage Pattern to Wheat Fields
Before carrying out any control operation, all the replications were studied for pest's damage, during seedling, tillering, booting, dough, maturation and pre-harvesting growth stages of wheat. To study the rodent's damage pattern to growing wheat, the data was recorded fortnightly from the wheat fields. To identify the pest specimens and their densities, 10 acres of randomly selected wheat fields of the experimental area were trapped from the seedling to maturity periods. On each field of the selected wheat at each growth stage four snap traps (16 × 10 cm metallic trap) supplied daily with food baits consisted of bread pasted with butter oil were operated for three consecutive nights per fortnight. The damage pattern done by each pest species was also studied due to variability of the stem density of wheat from block to block, due to the varied amount of seed broadcasted by the farmers per unit area, quality of the seed used, type of soil, inconsistent amount of fertilizers applied, etc. Keeping the impact of these variables in view on stem density in the wheat fields, the observations were also recorded to enlighten the pattern of rodent damage on dense plantation and scattered one. The effect of rodent stem cuttings on wheat growth was also studied in the test field. For this purpose, the fields with varying degree of pest damage were selected to determine the response of wheat growth when rodent's stem cutting was performed at various growth stages (tillering, booting, dough and maturity).
Observations were also taken on hoarding materials for quantitative and qualitative analysis from selected burrows from each field. Burrows were observed throughout the field (central and periphery) in the cropping season. For digging out the burrows, standard excavating instruments were used to collect food samples for further analysis.
Collection of Damage Assessment Data
Damage estimate was the product of the total numbers of tillers in the crop unites area and the quantity that a rodent damaged in each site and the cropping season. To study the rat damage to growing wheat, the data were recorded fortnightly from the wheat fields during seedling, tillering, booting, dough, maturation and pre-harvesting growth stages of wheat. To record the data in each replication within wheat fields, 1 × 1 m quadrates were examined for pet's damage. An iron frame was used to delineate the quadrate into 1 × 1 m area. The method of sampling was as follows:-For each observation, 10 acres of wheat field were divided into 5 blocks (each block of 2 acres represented one replicate). Then from each block i.e., from each replication, 3 spots were sampled with quadrate randomly selected in wheat crop. As such 15 quadrates were sampled from experimental area of 10 acres fortnightly. For the first spot, in the randomly selected fields, the nearest corner was chosen and a diagonal line to the opposite corner was followed. One step along this diagonal line was paced off and 1 × 1 m area was sampled both for damaged and undamaged wheat stems. The second 1 × 1 m quadrate was sampled in the middle of both fields along the predetermined diagonal line. The third spot was sampled from the second field, near the opposite corner to first field along diagonal line to count both damaged and undamaged wheat stems. This was repeated until three quadrates had been sampled from each block in 5 replications. Then the percentage damage was computed as follows:-
Total number of tillers
Statistical Analysis
The entire field observations in relation to the comparison of densities of different rodent species recorded at different growth stages of crop in wheat farmland had been presented graphically. All the field observations in relation to the assessment of percent (%) damage data by pests recorded were analyzed statistically using Statistix 8.1 computer software. The means of percent damaged stems from various growth stages of wheat were compared by analysis of variance and least significant difference test at Alpha 0.05.
RESULTS
The Pattern of Rodent's Damage to Wheat
Of the trapped and identified rodent pests, the lesser bandicoot rat (Bandicota bengalensis), the Indian gerbil (Tatera indica), the house mouse (Mus musculus), soft-furred field rat (Rattus meltada) and short-tailed mole rat (Nesokia indica) constituted the numbers viz., thirty two, seventeen, fourteen, seven and one, respectively, from seedling to crop maturity (Fig. 1) . The bandicoot rat was the primary rodent pest of wheat and it outnumbered the other species. The bandicoot rats cut off the tillers at the bottom to feed on the sweet pulpy portion of the stem. Damaged tillers were scattered fairly evenly throughout the field. Mostly, this species began cutting and storing wheat panicles from the booting stage when the panicles were soft and milky. A far more serious type of damage was noted when the grains started ripening and the fields began to dry. Prior to that, they did some cuttings of wheat leaves and stems, some for food and other as nesting materials. Stems were felled by cutting their bases from 50 to 100 mm above ground level and the base of the panicle cut from the stem and stored underground. The hoarding activity continued as long as panicles were available in the fields, therefore, a significant part of ripening grain was taken into rat's holes. Damage was most severe in the immediate proximity of burrow openings; cut stem deceased by 50% beyond 2 to 3 m distance and dropping sharply beyond 5 to 6 m. Damage was highest between entrances to the same burrow system. It was apparently noted that the bandicoot rats foraged in close proximity. Thus, the bandicoot rats specially fed on stems, flowers and grain of wheat crop. Wheat fields adjacent to sandy wastes harbored the gerbils in good numbers and they were found feeding on the wheat seeds, tillers, ripening ears and on the ripened grain. The house mouse in the standing crop adjacent to their burrows inflicted the damage by cut off the ripening ear heads at the base by climbing up the tillers and fed on the grain. The field rats infested the wheat fields in rather lower numbers than bandicoot, gerbil and house mouse in all the stages of growth of the crop. They were mainly observed feeding on flowers, ripening ear heads and ripened grains. The damage near their burrows was not as heavy as in case of bandicoots. The field rats were not found to hoard food in their burrows. Only one specimen of short-tailed mole rat was captured in the experimental area and it was observed feeding on roots of plants at crop maturation. At about harvest time they were found feeding on wheat grain in the wheat field (Fig. 1) . The frequency of occurrence of stem density varied from 117-359/ m 2 for all the wheat fields sampled from seedling to harvest. In general, it was observed that as the stem density per unit area increased, pest's damage increased concomitantly. However, the damage distribution among fields having dense population of wheat stem per m 2 was very severe than surrounding fields. Virtually no damage was recorded for fields with less than 117 stems/ m 2 , but as the stem density approached to 359 stems/ m 2 , pest's damage increased upto great extent. During this study wheat plants were found to possess a large potential for compensatory recovery from rat and mouse damage that occurred during the early growth stages. Beyond the vegetative or tillering stage, however, this potential disappeared rapidly. At the tillering stage the secondary tillers were as productive as the original intact tillers, and growth compensation offset the early damage. In the booting stage some plants compensation was observed but panicle size was condensed because the grain had less time to mature fully. At the dough stage there was no measurable plant compensation and panicles did not form before harvest. There was no opportunity for tillering development when damage was caused at the mature stage, so losses at this time may be found high.
Rodent's Damage Assessment to Wheat
For the rodent's damage occurred in wheat fields, the trends of different levels of stem cutting at various growth stages (Table 1) showed that there was less chance for the pests to damage crop in the earlier period, but with an increase found in loss at maturity stage. An analysis for differences between damage levels showed minor differences during seedling (0.83% stems cut), tillering (0.98% stems cut) and booting (1.24% stems cut) growth stages. The stems cut differences between the seedling and the booting stages were not significant. However, stem cuts made during dough and crop maturity periods reflected considerably different results. In comparing dough stage with the maturation and pre-harvesting stages, the intensity of damage done was significant (P< 0.01) during these periods. At dough, significant differences in damage were noted in samples with 4.92% stems cut. On the mature crop, 6.06% level of damage intensity was found at maturity; however, there was a highly significant difference. The differences in the pre-harvesting season were highly significant in amount (9.01% stems cut) than other growth stages. 
DISCUSSIONS
Throughout the wheat growing season, among various rodent species captured and identified, the lesser bandicoot rat B. bengalensis was the most predominant species in the cultivated wheat fields. The other species which were widespread in field included Indian gerbil T. indica, house mouse M. musculus, soft-furred field rat R. meltada and short tailed mole rat N. indica. Conceivably, rats and mice might affect wheat crop from flowering stage to maturity stage, but during the present investigations rodent's damage to wheat crop occurred in all the stages of growth. They began to damage the wheat crop right from sowing, depredation increased during the booting stage and peaked upto the time of harvesting.
Such descriptions of damage are influenced by a number of factors, such as relative abundance of different growth stages and their relative nutritional contents, palatability, tastes, and the availability of other food. Only the limited interpretations of this information are possible and the data served primarily as an indication that rats are opportunistic foragers, adjusting their preferences according to availability of food resources. Previous studies had reported several species of rodents that are involved in damage to wheat crop. The variations in the predominance of species in different regions relate to the cropping patterns as B. bengalensis is predominant in fields of paddy-wheat rotation, R. meltada, T. indica and Mus spp., in cotton-and groundnut-wheat rotations, and B. bengalensis, R. meltada and T. indica in millet-and maize-wheat rotations (Parshad, 1991) . The damage occurs throughout the crop growth period, but is greater at the ripening stages (Singh and Saxena, 1989) when the rodents, particularly B. bengalensis rats, also hoard the panicles in their burrows. A similar analysis for differences between growth stages and the predominance of species was completed in previous studies in almost parallel to the present findings. Rodent's damage is rarely uniform in time; it follows crop phenology. Field rats cause more damage during some stages of growth of crop than during other stages (Tristiani and Murakami, 1998) . There is higher rat activity (population) at grain filling stage than at the ripening stage, which is in consistent with farmers' perception of higher rat damage at the booting to grain filling stage than at the ripening stage of wheat crop (Hasanuzzaman et al., 2009 ).
Rodent's damage might occur anywhere in the field, but it was especially seen near their burrows. Rats and mice living in the adjacent fields foraged in the wheat fields, and fed on the wheat seeds sown there and the growing plants. It was about this time that rats were noted migrating into wheat fields and damage to the adjacent crops might de decreased markedly. Rat depredations on the wheat seeds might have great impact on the wheat stem density. When there was sufficient cover in the wheat fields, the rodents especially the bandicoot rat, the gerbil and the mouse began to colonize it. The population of rodents continually built up, partially due to reproduction and recruitment and partly due to immigration from other agricultural habitats. As the wheat fields were present in the vicinity of other crops, the rats might leave the previous habitats to exploit the nutritious and abundant food offered by the wheat crop. Thereafter, they kept invading the wheat fields throughout the season. The bandicoot rat B. bengalensis started moving into the wheat crop in February and started feeding on wheat plants in booting stage. The rat attained peak abundance in the wheat crop in March and April (Siddique and Arshad, 2003) .
Taking the results of this study into consideration and knowledge about the actual field damage by rodents before booting stage was slight, the present study had shown that the percentage of stems cut was also negligible. Possibly, a reduction in breeding in rodents during cold months was found, but the breeding peaks coincided with the maturity of agricultural crops like wheat. A similar reproductive quiescence in breeding during winter was also recorded in the previous studies. One possible explanation could be the non-availability of grain food, but the other possibility of the photoperiod and temperature controlling rodent's activities cannot be ruled out. Favorable conditions would lead to high populations that escape the normal density dependent regulation leading to population eruption (Pech et al., 1999) . The rodent population density increased after the onset of short rains. This change can also be interpreted due to variations in food supply and plant cover (Florence, 1996) . Data on the abundance, reproduction, diet and damage index of the soft-furred field rat M. meltada were collected during the rice and wheat seasons. The abundance of M. meltada remained high at the post-harvest stage of the wheat crop. The ploughing of fields did not affect the abundance of M. meltada. This species continued to eat wheat grains over a long period even when there was no crop standing in the fields and the damage indices in wheat crop was 28.3% (Sood and Prem, 2007) . However, abundance in Metads was high at the flowering and post-harvest stage of wheat and low at the harvest stage. It also seemed to be affected by breeding activity. Like most rodents the abundance of Millardia seems to be affected by breeding activity in the preceding one to two months. Low abundance in April was preceded by low pregnancy rates in the cold month of February. Months of high abundance (December, February and June) followed months of high reproduction (Lathiya, 2003) . The slight or modest rodent damage on a standing wheat crop was not readily noticeable except when the plants were observed closely. The rodents cut the developing tillers diagonally and normally the damage can be easily known when tillers are thickened and possessed hollow tubular cross section. The noteworthy damage began from the time of active tillering, become higher during early growth stage, dropped off subsequent to ear-heading and then feeding shifted over from vegetative tissue to the more nutritive panicles. The distribution of damage was highly variable, some fields appeared to be undamaged, and occasionally patches of severe damage were visible within the fields, while sometimes, possessed evenly distributed damage. Some explanation for increased later damage to stems, was that when the crop matured, there left less time for compensatory growth to overcome the effects of the damage inflicted. Just like to this statement, the earlier findings have also stated the closely similar results on rodent's loss in standing wheat crop (Sarwar, 2015) .
CONCLUSION
In the present study, it is estimated that the actual rodent damage and loss in wheat fields near harvesting of grain are peak because in the crop rodents find effortless entrance to their foodstuff supply and have to use fewer time and energy in acquiring away the ear heads for feeding and hoarding into their burrows. Generally, subsequent to the harvesting of summer crops such as cotton, rice, maize, or sorghum, the wheat is grown as a winter crop and its fields commonly build up with great population of rodents in the summer owing to better breeding chance within the monsoon rainfalls together with plentiful accessibility to food in the period of the ripening stages. Following the reaping of wheat, if the fields are not profoundly ploughed and flooded to upset the burrows, and rodent managing is not undertaken ahead of sowing the winter wheat crop, the intensive pest's loss can take place before time at the seedling and other growth stages. Such factors are extremely important for wheat plantation in the field to control rodents efficiently. Destroying burrows has the high result in decreasing crops damage; this may be due to migration of pests, distribution of their habitat and by reason of exposure to their predators. Detailed training series and campaigns are desired to be commenced to generate awareness and stimulus amongst farmers about rodent's pest problems and their managing.
